INTRODUCTION
The in situ assessment of geomechanica1 characteristics of rock masses is an essential prerequisite to the design and analysis of structures, both on the surface and underground. A particular in situ investigative technique that continues to show promise for this purpose is the cross-hole higherfrequency acoustic method.
In recent years cross-hole acoustic techniques have been employed in a variety of geomechanica1 applications. Price et a1 [1] incorporated results of cross-hole measurements in the design of a rock-bolt pattern intended to stabilize a rock mass. Kujundzic et a1 [2] demonstrated the correlation between cross-hole velocity measurements and the compressive stress distribution around a tunnel excavated at depth. O'Donoghue et a1 [3] employed the technique to investigate the spatial variation in rock properties encountered during tunneling, and to assess the degree of damage in the rock mass caused by different excavation techniques. Using the cross-hole technique, McCann !! a1 [4] delineated interfaces between different strata and detected localized irregular features. Auld [5] used cross-hole measurements to evaluate the elastic properties of a rock mass. Pau1sson and King [6] studied the changes in cross-hole compressional and shear-wave velocities resulting from thermal cycling in a granitic rock mass. McKenzie et a1 [7] and Gladwin [8] employed cross-hole ultrasonic measurements to characterize the degree of fracturing in a rock mass, and to monitor stress changes in the pillars of underground mines. Recently, Wong et a1 [9] have reported acoustic crosshole measurements in crystalline rocks, that were used to infer changes in lithology and to trace fracture zones between boreholes. The field system employed is shown in diagrammatic form in Fig. 2 . It is based essentially on that used in a similar research program conducted earlier in a granitic rock mass in Sweden [6] . Repetitive pulses of compressional (p) and shear (S) waves in the frequency range 1 kHz to 100 kHz were propagated from the transmitter sonde, situated in one borehole, through the rock mass to the receiver sonde, situated in a second borehole. The P-and S-wave transmitter and receiver transducers are broadband ceramic-steel sandwiches, with a center frequency of approximately 80 kHz. The sondes were clamped hydraulically to the borehole wall to ensure repeatable acoustic contact. The received P-and S-wave signals were preamplified in the sonde and transmitted to the surface, where they were further amplified and bandpass filtered in the frequency range 500 Hz to 100 kHz. The complete P-and S-waveforms were digitized by a digital oscilloscope with a 1MHz sampling rate, and stored on floppy discs. An auxiliary analog tape recorder, with a 62 kHz bandwidth, may be employed where the signals are of such poor quality that signal enhancement by stacking is required.
The digitized P-and S-waveforms were analyzed to determine the arrival times of P-and S-wave pulses, so that the velocities Vp and Vs could be determined using the distances between the pairs of boreholes calculated from survey data. The arrival times were corrected for the delay times of the transducer holders by clamping the sondes in an aluminum calibration block. The digitized waveforms were also subjected to Fast Fourier Transforms (FFT), and their amplitude spectra in the frequency domain were studied. Results of the FFT analysis indicate that there is a. considerable difference in frequency content of the received p-and S-wave signals between those propagating along horizontal and those along vertical paths, and between those measured in planes lying close to the face and those in planes well behind the face. Near the face, both P-and S-wave amplitude spectra tend to peak at approximately 3 kHz or less. Further away from the face, at distances greater than approximately 2 m, the amplitude spectra for P-and S-waves propagating along vertical paths tend to peak at 20 kHz or more, and those along horizontal paths at 5 kHz or less. The amplitude spectra for Pand S-waves propagating along diagonal paths again tend to fall between the limits provided by those propagating vertically and horizontally. Distance from face (m) Figure 4 •
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